Background: This study was to elucidate the psychometric properties of the Korean version of the Diabetes Symptom Checklist-Revised (K-DSC-R), which is a patient-reported outcome measure of diabetes symptom burden. Methods: A sample of 432 Korean patients with diabetes was recruited from university hospitals. The data were analyzed using exploratory factor analysis (EFA), confirmatory factor analysis (CFA), multitrait/multi-item correlation, Pearson's correlation, t-test, ANOVA, and Cronbach's alpha for construct, item-convergent/discriminant, concurrent, and known-groups validity, and internal consistency reliability. Results: EFA extracted a total of 29 items clustered into 7 subscales from the K-DSC-R. The construct of the seven-subscales was supported by CFA. The scaling success rates of item-convergent validity were 100% for all subscales, and those of item-discriminant validity ranged from 83.3% to 100%. Patients in more-depressed groups and in the HbA1c-uncontrolled group had higher K-DSC-R scores, satisfying the known-groups validity. The subscales of the K-DSC-R were moderately correlated with health-related quality of life, indicative of the established concurrent validity. The Cronbach's alpha of the K-DSC-R was 0.92. Conclusions: The psychometric properties of the K-DSC-R have been established. It is thus appropriate for use with respect to reliability and validity in practice and clinical trials for Korean patients with type 2 diabetes.
Background
Diabetes has reached epidemic levels. In 2012 about 371 million people in the world had diabetes, and this number is expected to rise to 522 million by 2030, increasing in every country [1] . According to the Korean National Health and Nutrition Examination Survey [2] , the prevalence of diabetes among adults aged ≥ 30 years was 9.9% in 2012. The reported prevalence was increased with age, being 1.9%, 5.0%, 12.6%, 20.3%, and 22.0% among individuals in their 30s, 40s, 50s, 60s, 70s and over, respectively.
Patients with type 2 diabetes experience common symptoms (e.g., excessive thirst, dryness of mouth, fatigue, difficulty in thinking, and drowsiness) along with the fluctuation of their blood glucose levels. They may also experience other symptoms such as visual blurring, numbness and tingling in the extremities, and calf pain due to long-term diabetic complications [3] , and may suffer multiplex symptoms throughout the trajectory of the disease process.
Symptoms are perceived subjectively in terms of what the individual believes they mean in the physical and psychosocial-spiritual contexts [4] . The attribute of "subjective perception" implies that a symptom is better assessed directly by the patient than, for example, by a clinician. The assessment of patient-reported outcome (PRO) has recently been emphasized in determining the efficacy of new therapies. In particular, PRO measurements are becoming more important in the field of treatment effects. For example, the United States Food and Drug Administration (2009) incorporated PRO instruments [e.g., measuring symptom or health-related quality of life (HRQOL)] in the decision-making process regarding the effect of a medical intervention in clinical trials [5] .
The Diabetes Symptom Checklist-Revised (DSC-R) is a self-reported questionnaire measuring the occurrence and perceived discomfort of symptoms associated with type 2 diabetes and its potential complications. The DSC-R comprises 34 items clustered into 8 subscales: psychological fatigue, psychological cognitive, neuropathic pain, sensory neuropathic, cardiovascular, ophthalmologic, hyperglycemic, and hypoglycemic subscales. The scale measures the comprehensive symptom burden of type 2 diabetes. The psychometric properties of the DSC-R are empirically well established in patients with type 2 diabetes [6] .
The DSC-R has been translated into many languages, and there are currently 47 versions (www.mapi-trust.org). Nevertheless, the psychometric properties of the translated versions have rarely been reported. From a measurement perspective, it is recommended that the psychometric properties of an instrument that has been translated for use in new cultures or languages should be re-evaluated in a population that is representative of the target culture or language [7] . Conceptually, the perception of a symptom can be affected by an individual's belief about illness or ethnicity in the culture in which the individual resides [8] . Therefore, the psychometric properties of a new translated version of the DSC-R need to be verified before it is used in either practice or research involving a target language or culture.
The Korean version of the DSC-R (K-DSC-R) has already been produced, but its reliability and validity have never been reported in Korean patients with type 2 diabetes. The purpose of the present study was thus to elucidate the reliability and validity of the K-DSC-R in patients with type 2 diabetes.
Methods

Study design
A cross-sectional and methodological research design was used to evaluate the following psychometric properties of the K-DSC-R: internal consistency reliability, factorial construct validity, item-convergent and discriminant validity, concurrent validity, and known-groups validity.
Sample and data-collection procedure
A convenience sample of 432 subjects was recruited from 2 university hospitals in South Korea, between July and November, 2012. The number of participants met the preferred sample size of 5-10 times per item for factor analysis [9] . Patients who were diagnosed with type 2 diabetes by physicians, aged at least 20 years, and articulate in the Korean language were invited to participate in the study after receiving approval for the protocol from the institutional review boards of the two university hospitals (Ajou University Hospital and Chungnam National University, College of Nursing) at which the participants were enrolled.
Potential subjects were recruited from outpatient clinics at two university hospitals by health professionals and briefly informed about the study. If they agreed to participate, they then met with the research assistants who informed them about the purpose of this study and the nature of their participation. Potential subjects who were articulate and agreed to participate were asked to sign a formal consent form and to complete the self-reported questionnaires.
Measures
The K-DSC-R The DSC-R, which originated from the DSC-Type 2 that was validated in patients with type 2 diabetes from the Netherlands [10] , comprises 34 items that are clustered into 8 subscales. Each item asks whether or not the respondent has a particular symptom in the past month. If the respondent answers "yes", they are asked to rate how troublesome that particular symptom is to him/her on a 5-point Likert scale from 1 (not at all) to 5 (extremely). The item scores are transformed from 1-5 to 0-4, with a score of 0 also applying where a symptom does not occur. The total and all subscale scores are summed and divided by the total number of items in the total and subscales. Higher scores indicate a greater symptom burden. The psychometric properties of the DSC-R have been established [6] . The Mapi Research Trust (www.mapi-trust. org) translated the DSC-R into Korean using a translation and back-translation technique. The K-DSC-R used in this study was obtained from the Mapi Research Trust after obtaining the permission of the original author of the DSC-R questionnaire.
The Diabetes-Specific Quality of Life (D-QOL) questionnaire
The D-QOL is a self-reported questionnaire that comprises 16 items requiring a response on a 5-point Likert scale, where a higher score indicates a better HRQOL. Its content validity, factorial validity, concurrent validity, known-groups validity, and internal consistency reliability have been established in 402 Korean patients with diabetes [11] .
The Center for Epidemiologic Studies-Depression (CES-D) scale
The CES-D scale is a widely-used and well-validated measure of depression, originally developed for the general population [12] . It comprises 20 items scored on a 4-point scale, where scores of 0-9, 10-15, 16-24, and >24 imply no depression, mild depression, moderate depression, and severe depression, respectively. Internal consistency reliability, test-retest reliability, concurrent validity, and discriminant validity of this tool have been established in a Korean population [13] .
HbA1c control status
Glycemic control was determined by HbA1c categorized into two groups, 'controlled' (HbA1c <7.0% [53 mmol/mol]) and 'uncontrolled' (HbA1c ≥7.0% [53 mmol/mol]), based on regular laboratory medical data obtained by highperformance liquid chromatography [14] .
Data analysis
PASW statistics software (version 18) was used to analyze the data. Descriptive statistics were computed for the item completeness of the K-DSC-R. The factorial validity of the K-DSC-R scale was tested using both exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). EFA was performed to empirically identify the structure underlying the K-DSC-R with Korean patients with type 2 diabetes. Before conducting EFA, Bartlett's test of sphericity and the Kaiser-Mayer-Olkin (KMO) measure of sampling adequacy were performed to justify undertaking EFA [15] . EFA was conducted using principal-components analysis with varimax rotation. After the rotation, factors with an eigenvalue greater than 1 were retained. The meaningful loading criterion for the factors was set at ≥0.50 [16] . Correlation coefficients among extracted factors were computed using Pearson's correlation to identify the potentiality of collapsing factors due to a strong correlation [17] .
CFA was conducted to confirm whether or not the underlying structure derived from EFA was supported. The model parameters for CFA were estimated using the maximum-likelihood method. The goodness-of-fit of the model was evaluated based on the chi-square test and the following multiple indices: ratio of chi-square value to the degrees of freedom (CMIN/DF), root-mean-square residual (RMR), goodness-of-fit index (GFI), root-meansquare error of approximation (RMSEA), comparativefit index (CFI), and incremental-fit index (IFI). Values of <3.0, <0.50, and <0.60 for the CMIN/DF ratio, RMR, and RMSEA, respectively, indicate a good fit. A value of >0.90 for GFI, CFI, and IFI served as a cutoff for an acceptable fit [18, 19] .
Item-convergent and discriminant validity of the K-DSC-R was tested using the multitrait/multi-item correlation matrix [20] . For the correlation matrix, Pearson's correlation coefficients of an item with its own scale (corrected for overlap) and other scales were computed. Item-convergent validity is satisfied if the correlation coefficient for an item and its own scale is ≥0.40, while item-discriminant validity is satisfied if the correlation coefficient between an item and its own scale is higher (by more than two standard errors) than the correlation coefficients between that item and the other scales.
For the test of known-groups validity, it was hypothesized -based on previous studies [21, 22] -that the symptom distress as measured using the K-DSC-R would be higher for patients in the more-depressed groups. In addition, it was hypothesized that there would be greater symptom distress among patients in the HbA1c-uncontrolled group [6] . These tests were analyzed using t-tests or ANOVA. The effect size of known-groups validity was assessed using Cohen's d and squared eta value (η 2 ). For convergent validity it was hypothesized that K-DSC-R scores would be at least moderately correlated with the HRQOL score as indicated by r = 0.64-0.53 on the previous study [23] . This hypothesis was tested using Pearson's correlation coefficient.
Internal consistency reliability was evaluated by computing Cronbach's alpha coefficient, with the acceptability criterion set at ≥0.70 [24] .
Results
Characteristics of the subjects
The subjects who participated in this study comprised 216 males and 216 females, aged 61.21 ± 10.66 years (mean ± SD). Most of the patients were married (83.1%, n = 359), approximately two-thirds (60.7%, n = 262) had graduated from high school or above, and 40.7% (n = 176) were employed. The duration of type 2 diabetes was 12.77 ± 8.27 years. The proportions of subjects receiving an oral hypoglycemic agent (OHA) alone, insulin injection alone, OHA in combination with insulin injection, and diet/exercise without medication for the treatment for their diabetes were 62.7% (n = 271), 10.0% (n = 43), 25 .0% (n = 108), and 2.3% (n = 10), respectively.
Completeness of data
The rate of missing values for each item of the K-DSC-R was very low (0.0-0.2%). The missing values were imputed with the mean of all non-missing values of its subscale, in accordance with the scoring guidelines of the DSC-R.
Factorial construct validity
Bartlett's test of sphericity was significant (χ 2 = 6674.75, p < 0.001), and the KMO index was 0.91, which indicates that the data were suitable for EFA. Initial principalcomponents analysis with varimax rotation extracted an eight-factor solution (eigenvalue >1), which explained 62.4% of the total variance. However, five items (items 2, 5, 18, 29, and 31) did not meaningfully load onto any factors at a criterion cutoff of ≥0.50. These five items were eliminated before conducting a subsequent principalcomponents analysis, which extracted a seven-factor solution that accounted for 62.68% of the total variance (Table 1 ). Pearson's correlation coefficients among the seven factors ranged from low (r = 0.275) to moderate (r = 0.636), implying that the subscales were related but not redundant thus, the factors did not need to be collapsed. Each factor was labeled from F1 to F7 (based on the names of the subscales in the DSC-R) as neuropathic pain, psychological fatigue, hypoglycemic, ophthalmologic, hyperglycemic, cardiovascular, and sensory neuropathic subscales, respectively.
CFA was performed with the underlying seven-factor model. The initial model fit indices were as follows: χ 
Item 23 ("Frequent need to empty your bladder?")
is a representative condition for diabetes [3] and was therefore retained.
Item-convergent and item-discriminant validity
As presented in Table 2 , item-factor correlations between items and their own factors (after correcting for overlap) ranged from 0.501 to 0.732. Thus, all items satisfied itemconvergent validity (cutoff of 0.40), and the scaling success rates of the item-convergent validity were all 100%. There were several failed cases for item-discriminant validity, so that the scaling success rates of item discrimination were 93.3% for factors 2 and 3, 83.3% for factor 6, and 100% for factors 1, 4, 5, and 7.
Known-groups validity
The known-groups validity data are presented in Table 3 . The K-DSC-R scores differed significantly among the depressed groups (F = 78.89, p < 0.001, η 2 = 0.35). As hypothesized, patients in the more-depressed groups had higher K-DSC-R scores. Known-groups validity was also tested by evaluating the HbA1c control status using the t-test. The mean K-DSC-R score was significantly lower in the HbA1c-controlled group (t = −2.13, p = 0.03, d = 0.65). These findings support the known-groups validity of the K-DSC-R.
Concurrent validity
The K-DSC-R total score was significantly and negatively correlated with the overall D-QOL score (r = −0.72, p < 0.001). The correlation coefficients between the subscales of the K-DSC-R and D-QOL ranged from −0.41 to −0.62 (p < 0.001 for all). These results satisfied the hypothesized moderate correlation between K-DSC-R and HRQOL, supporting the concurrent validity of the K-DSC-R.
Internal consistency of reliability
Cronbach's alpha coefficient of the K-DSC-R was very high, at 0.92; the coefficients of all of the subscales except factor 6 (Cronbach's alpha = 0.66) were above the criterion of 0.70 (Table 1) . Figure 1 F1 , neuropathic pain factor; F2, psychological fatigue factor; F3, hypoglycemic factor; F4, ophthalmologic factor; F5, hyperglycemic factor; F6, cardiovascular factor; F7, sensory neuropathic factor.
Discussion
The present study evaluated the psychometric properties of the K-DSC-R -which was designed to measure the occurrence and perceived discomfort of symptoms associated with diabetes and its potential complications -in Korean patients with type 2 diabetes. This culturally adapted instrument exhibited good reliability and validity.
Different from the original 34-item DSC-R covering 8 domains, in this study the K-DSC-R comprised 7 subscales with a total of 29 items: 6 for the neuropathic pain subscale, 5 for the psychological fatigue subscale, 5 for the hypoglycemic subscale, 4 for the ophthalmologic subscale, 4 for the hyperglycemic subscale, 3 for the cardiovascular subscale, and 2 items for the sensory neuropathic subscale.
This seven-subscale construct was well validated using both EFA and CFA. However, there was some discrepancy in the underlying construct between the DSC-R and K-DSC-R (Table 4 ). The psychological cognitive subscale (items 6, 7, 31, and 33) in the DSC-R was not maintained as an independent subscale in the K-DSC-R. In this study item 31 ("Fuzzy feeling in your head?") was eliminated from the statistical factor analysis, and item 6 ("Sleepiness and drowsiness?") was loaded onto the psychological fatigue subscale of the K-DSC-R. This was congruent with a previous study finding involving USA diabetes patients that item 6 was loaded onto the psychological fatigue subscale rather than the psychological cognitive subscale [25] . The clustering of item 6 with the psychological fatigue subscale was not unexpected, since the psychological fatigue and cognitive subscales were subdivided in the psychological dimension in the original DSC-Type 2 [10] . Unlike item 6, items 7 ("Difficulty concentrating?") and 33 ("Difficulty paying attention?") were clustered together with the hypoglycemic subscale in the present study. Even though different patients can experience a range of different symptoms when their blood glucose declines, these two items were noted as being common symptoms of hypoglycemia (e.g., difficulty in thinking, anger, sadness, hunger, headache, and dizziness) [3] . It was thus reasonable to group these items within the hypoglycemic subscale in the present study. Regarding the discrepancy of psychological cognitive subscale, a cultural difference also needs to be considered a potentiality, since there may exist cultural differences in cognition between Eastern Asians (Korea, Japan, and Taiwan) and Western people (USA) [26] . The sensory neuropathic subscale of the DSC-R consists of six items (3, 9, 11, 26, 29, and 34) . In the present study, items 3 and 9 were retained in the sensory neuropathic subscale (Table 4) . However, items 11, 26, and 34 were placed on the neuropathic pain subscale of the K-DSC-R, which is perhaps not surprising from a linguistic perspective since these three items involve "tingling" or "prickling" in the limbs, hands, or feet. The Korean language contains approximately 90 vocabularies for expressing the types and intensity of pain. "Tingle" and "prickle" (which translate to "soo shi da" and "wook shin gau ri da," respectively, in Korean) are terms that Koreans typically use to express "pain" [27] . It is therefore understandable that the three items should be clustered with the neuropathic pain subscale rather than items about numbness (loss of sensation) in the feet or hands of the neurological sensory subscale. This discrepancy may thus have arisen as a result of language differences.
In the item-level tests for the item-convergent/discriminant validity, the item-convergent validity of the K-ADS-R was 100% successful, with item-subscale correlation coefficients ranging from 0.443 to 0.732. This is similar to the range of 0.44-0.78 quoted in a DSC-R validation study [6] . However, the item-discriminant validity test indicated that item 30 ("Shortness of breath during physical exertion?") was problematic. It appears that this item is not easily distinguished from its own cardiovascular subscale and two other subscales (psychological fatigue and hypoglycemic subscales). This may explained by the internal consistency reliability. The Cronbach's alpha values of the total and subscales of the K-DSC-R mostly exceeded the criterion value of 0.70; the only exception was the cardiovascular subscale, which had a Cronbach's alpha of 0.66. In other words, the items in the cardiovascular subscale are not homogeneous. A low Cronbach's alpha (0.69) was also found for this subscale in a psychometric study of the DSC-R [6] . The cardiovascular subscale may therefore need to be revised in future studies, including type 2 diabetes patients with varying degree of cardiovascular disease.
Known-groups validity refers to the ability of an instrument to discriminate among groups of people who are known to differ according to a hypothesized indicator [28] . As expected, the patients in the present study who were in the more-depressed groups and in the HbA1c-uncontrolled group had worse K-DSC-R scores. In particular, the effect size of the HbA1c control status on the K-DSC-R mean scores was moderate to large, implying a practical differentiation between the groups. This meaningful finding can probably be explained by a poorly controlled HbA1c being either directly or indirectly associated with micro-and macrovascular diabetic complications such as retinopathy, neuropathy, or cardiovascular problems [29] ; furthermore, these complications may be perceived as symptomatic burdens to patients.
Concurrent validity refers to the correlation between a studied measure with other related measures at the same 
• Symbol showing subscales and their own items: items included in the same subscales in both the DSC-R and K-DSC-R. ○ Symbol showing subscales and their own items: items placed in different subscales in the K-DSC-R and the DSC-R. PF, psychological fatigue factor; PC, psychological cognitive factor; NP, neuropathic pain factor; NS, sensory neuropathic factor; C, cardiovascular factor; O, ophthalmologic factor; HO, hypoglycemic factor; HE, hyperglycemic factor.
time based on a prior hypothesis with expected strength and direction [30] . A previous test of concurrent validity found that DSC-R scores were negatively correlated, with small or moderate strength, to the HRQOL subscales measured with a generic instrument [6] . The present study used a diabetes-specific HRQOL instrument (D-QOL) instead of a generic measure, so that the hypothesis of a correlation between K-DSC-R and D-QOL scores that was at moderate was supported, furthermore confirming the concurrent validity of the K-DSC-R. A limitation of the present study was the lack of a responsiveness test to assess the ability to detect changes over time when the condition of patients is known to be altered [28] . In addition, test-retest reliability was not evaluated; the reliability assesses the extent to which an instrument yields reproducible results if it is administered repeatedly within a certain interval to a patient whose condition is stable throughout that interval [28] . Some of the acute diabetes-associated symptoms of the DSC-R, such as those associated with hyperglycemia or hypoglycemia, can fluctuate from day to day. Therefore, the most appropriate time interval for the retest should be determined before assessing the test-retest reliability of the K-DSC-R.
Conclusions
The K-DSC-R, which comprises 29 items, exhibits acceptable factorial validity, good internal consistency reliability, item-convergent and discriminant validity, concurrent validity, and known-groups validity. It can therefore be considered reliable and valid for application in either practice or clinical trials for Korean patients with type 2 diabetes.
Abbreviations PRO: Patients-reported outcome; HRQOL: Health-related quality of life; DSC-R: Diabetes symptom checklist-revised; K-DSC-R: Korean version of the diabetes symptom checklist-revised; D-QOL: Diabetes-specific quality of life; CES-D: Center for epidemiologic studies-depression; HbA1c: Hemoglobin A1c; EFA: Exploratory factor analysis; CFA: Confirmatory factor analysis; CMIN/DF: Ratio of chi-square value to the degree of freedom; RMR: Rootmean-square residual; GFI: Goodness-fit index; RMSEA: Root-mean-square error of approximation; CFI: Comparative-fit index; IFI: Incremental-fit index.
